that Pdx1/GFP expression was first observed in the mid-region of the anterior intestinal portal (AIP) lip at embryonic day (E) 8.5 at the 5-6 somite stage (ss). The liver progenitors were confirmed to originate from separate domains at the lateral endoderm and the inner part of the medial AIP as previously reported (Tremblay and Zaret, 2005) , which turned out to lie caudally to the Pdx1/GFP-expressing domain. To confirm if the early Pdx1/GFP-positive cells give rise to the pancreatic bud, we labeled the cells on the lip of the AIP using the carbocyanine dye CMDiI and traced their fates in 1-4 ss, 5-6 ss and 7-9 ss E8.5 embryos using an ex utero whole embryo culture method. At 1 ss, the ventral pancreas progenitors were observed in the lateral endoderm, not yet being segregated from the liver or gut progenitors. Cells that contributed solely to the ventral pancreas first appeared at the AIP lip from 5 ss. At 5-6 ss, cells from the medial of the AIP lip contributed to the ventral pancreas. The pancreas fate region become narrower as development progresses. At 7-9 ss, the cells contributing to the ventral pancreas resided in a narrow region of the AIP lip. From 5 ss, the right flanking region contributes to the posterior gut, and the left flanking region contributes to the anterior gut. Dorsal pancreatic progenitors originate from the dorsal endoderm at the 3-6 somite level at 7-9 ss, though they
Introduction
The pancreas is derived from the definitive endodermal epithelium of the embryonic foregut. It develops from two separate buds, the dorsal and the ventral buds, at embryonic day (E) 9.5, which then fuse to form the pancreas (Edlund, 2002) . Pancreatic and duodenal homeobox gene 1 (Pdx1) is a regional endodermal marker, the expression of which marks the 0925-4773/$ -see front matter Ó 2011 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2011.12.004 dorsal and ventral pancreatic buds, as well as the caudal stomach, bile duct and duodenal endoderm (Jonsson et al., 1994; Offield et al., 1996) . Pdx1 is one of the earliest known markers for the pancreas, and appears in the endoderm at the 9 somite stage (ss) (E8.5) in the mouse, and at 8 ss in the chick, before the pancreatic buds are formed Yoshida et al., 2009) . Pancreatic buds fail to form in mutant mice lacking the Pdx1 gene; pancreas growth is arrested and the mice lack mature pancreatic endocrine or exocrine cells and die from hyperglycemia within one week after birth (Jonsson et al., 1994) . Lineage tracing experiments have shown that the endocrine, exocrine and duct cells are derived from Pdx1-expressing cells (Gu et al., 2002 (Gu et al., , 2003 .
Fate-mapping experiments have shown that the definitive endoderm is derived from the extreme anterior end of the primitive streak in mice, and from Hensen's node in chicks, and roughly outlines the regions contributing to the dorsal and ventral guts at streak stages (Lawson and Schoenwolf, 2003) . More recently, allocation and movement of the definitive endoderm during gastrulation have been described in mice (Tam et al., 2007) and chicks (Kimura et al., 2006) . Radio ablation studies have shown that the pancreatic anlage in chick embryos is located at a level adjacent to somites 7-15 along the rostro-caudal axis at 18 ss (Le Douarin, 1964) . A lineage tracing study using the lipophilic carbocyanine dye DiI (1,10-dioctadecyl-3,3,30,30-tetramethyl indocarbocyanine perchlorate) revealed that the dorsal pancreatic precursor cells in chick embryos reside at the level of somites 4-7 in the endoderm layer at 10 ss (stage 10, 1.5-day-old) (Matsushita, 1996) . Previous fate-mapping experiments of endodermal progenitor cells, and pancreatic, stomach and intestinal progenitor cells demonstrated that the endodermal progenitor cells first appear near Hensen's node immediately after the completion of gastrulation. The pancreatic progenitor cells segregate from the stomach and intestinal progenitor cells, with their cellular fates being determined during migration .
The dorsal pancreas in mice was reported to receive signals from the notochord at 18 ss (Kim et al., 1997) . Activin and basic fibroblast growth factor (bFGF) are candidate molecules for the notochord signal responsible for directing dorsal pancreatic morphogenesis and for maintaining the expression of early pancreatic genes, through the repression of sonic hedgehog (Shh) (Hebrok et al., 1998) . The notochord subsequently separates from the gut endoderm, and the dorsal aorta merges medially and comes into close contact with the gut endoderm. The aorta then sends signals that promote pancreatic differentiation (Lammert et al., 2001; Yoshitomi and Zaret, 2004) . Recent observations of early pancreatic progenitor cells have revealed that reciprocal endodermal and mesodermal signaling mediated by CXCL12 and CXCR4 regulate the migration of angioblasts before they form blood vessels, the angioblasts send signals back to the prepancreatic endoderm to establish the early pancreatic fate (Katsumoto and Kume, 2011) . This highlights the importance of identifying the location of pancreatic progenitor cells in order to study their inducing signals.
Several studies investigating the inducing signals for early ventral endoderm regionalization have revealed that the ventral pancreas differentiates from bipotential progenitor cells, which can adopt either a pancreatic or a hepatic fate (Deutsch et al., 2001; Tremblay and Zaret, 2005) . FGF from the cardiac mesoderm that lies adjacent to the liver progenitors, and bone morphogenetic protein from septum transversum mesenchyme cells induce the liver program and suppress pancreatic differentiation (Deutsch et al., 2001 ). This mechanism is supported by mapping studies of liver progenitors in early mouse embryos, which were shown to arise from the anterior intestinal portal (AIP) (Tremblay and Zaret, 2005) . However, in contrast to the large number of fate-tracing experiments involving liver progenitors, relatively few experiments have traced the origins of pancreatic progenitors, and the origins of the ventral and dorsal pancreatic progenitors thus remain obscure (Tremblay and Zaret, 2005) . Fate mapping in chick embryos, using DiI and CM-DiI, revealed that the bipotential precursor cells of the ventral pancreas and intestine were located in the endoderm lateral to the 2 somite level at 10 ss, and after segregation, cells committed solely to the ventral pancreatic fate were located at the 4 somite level at 17 ss (Matsuura et al., 2009 ). This suggests that ventral pancreatic progenitor reside anteriorly, instead of posteriorly, as previously suggested (Kumar et al., 2003) . These results also suggest a close association between pancreatic and hepatic progenitors during the early somitic stages (Tremblay and Zaret, 2005) .
In this study, we aimed to produce a detailed fate map of the pancreas. We focused on early somitic stages (1-9 ss) at E8.5 and identified the locations of cells contributing to Pdx1/green fluorescent protein (GFP)-positive pancreatic progenitor cells. We used a transgenic mouse line, in which GFP is expressed under the control of the Pdx1 promoter, to enable the easy identification of pancreatic progenitor cells (Gu et al., 2004) .
Results

2.1.
Pdx1/GFP expression was observed in the anterior endoderm at the exposed part of the AIP at 6-11 ss
We first examined the early expression of Pdx1/GFP. GFP fluorescence in homozygous Pdx1/GFP transgenic mice could be visualized by long exposure under stereomicroscopy (Fig. 1A-C) . The earliest Pdx1/GFP signal was not visible but could be detected from E8.5 at 5-6 ss by whole mount immunochemical staining for GFP (Fig. 1A) . Staging of the embryos were confirmed by counting the Pax3-positive somite numbers (Fig. 1A 0 ) (Goulding et al., 1991) . Pdx1/GFP was observed in the medial of the ventral foregut 'lip', at the outermost part of the AIP (Fig. 1A) . GFP fluorescent signals at 8 and 11 ss were also observed in a similar position at the AIP lip ( Fig. 1B and C). Pdx1/GFP-positive cells resided at the exposed anteriormost region of the AIP. In control experiment, ex utero cultured Pdx1/GFP embryo developed to E9.5 equivalent, in which Pdx1/GFP-positive signals were observed in both the dorsal and ventral pancreatic buds ( Fig. 1D and D 0 ).
To determine if the early Pdx1/GFP expression observed at E9.5 (Fig. 1D ) was restricted to the pancreatic bud, and was absent from the stomach and intestine, the expression levels of Cdx2, an intestine marker, and Foxa2, a pan-endoderm marker, were examined. Cells expressing GFP (Fig. 1E and J) overlapped with those expressing Pdx1 (Fig. 1G, I , L and N) and Foxa2 ( Fig. 1F and H ), but not with those positive for Cdx2 ( Fig. 1K and M) .
Pdx1 was reported to be expressed in the posterior part of the antral stomach, the duodenum and the bililary duct (Offield et al., 1996) . Pdx1/GFP expression were observed in the duodenum at E10.5 in Cdx2-positive gut endoderm, albeit at a low level (Fig. 1P , R and S). Pdx1/GFP expression was not observed in Sox2-positive stomach endoderm at E 10.5 (Fig. 1U, W and X) . Taken together, Pdx1/GFP-expressing cells were thus identified as pancreatic progenitor cells at stages prior to E9.5, although at later stages Pdx1 begins to be expressed in a wider range of tissues.
2.2.
Fate maps of the AIP region at 1-4 ss, 5-6 ss and 7-9 ss
The above results suggested that Pdx1/GFP-expressing cells detected on the lip of the AIP were ventral pancreatic progenitors. We then used 1-4 ss, 5-6 ss and 7-9 ss embryos and labeled E-cadherin, indicating that the definitive endoderm cells were labeled. The numbers of labeled cells were within a range of 12 to 36 cells ( Supplementary Fig. S1 ). Three separate fate maps were created for 1-4 ss, 5-6 ss and 7-9 ss embryos, respectively. The positions of the labeled cells immediately after labeling and of the descendants are summarized in Fig. 2 . To determine the relationship between the positions of the ventral pancreatic progenitors and the liver progenitors, we labeled cells at the anterior end of the inner part of the AIP, posterior to the ventral pancreatic progenitors in the medial region at 5 ss (#155 embryo in Fig. 2C and D) and 8 ss (#152 in Fig. 2E and F and Supplementary Fig. S2 ). Immunohistochemical analyses of alpha fetoprotein (AFP), Pdx1/GFP expression of the traced embryo confirmed that the CM-DiI-labeled cells resided in the liver, and did not overlap with the Pdx1/ GFP-positive cells ( Supplementary Fig. S2 ). In situ hybridization with 7 ss embryos revealed that AFP and Pdx1 expressing domains did not overlap ( Supplementary Fig. S3) . Therefore, at the medial AIP, regions fated for the liver and the pancreas are already segregated from each other at 7 ss. The pancreas progenitors reside in the outer part of the AIP, anterior to the liver progenitors (Fig. 2E , F and G, yellow regions: liver progenitors). The ventral pancreas and liver progenitors are close to each other. Three additional embryos #154 (5 ss), #151 (9 ss) and #153 (8 ss), marked at a region spanning both the ventral pancreas and liver progenitor regions close to the medial AIP ( Fig. 2C-F ), revealed to contribute to the ventral pancreas, liver and the anterior gut (data not shown). Previous report described that the liver bud was also originated from the paired lateral domains in addition to the medial domain. Embryo #83 was labeled at a lateral region, and the CM-DiI signal contributed to the liver and the gut ( Fig. 2A) .
2.3.
The lip of the AIP gives rise to the ventral pancreas and the lateral ventral endoderm flanking the AIP gives rise to the ventral gut tube cells 2.3.1. Fate maps at 1-4 ss Previously Tremblay and Zaret (2005) reported that cells located at the lateral endoderm at a posterior site at 1 ss contributed to the ventral pancreas (Tremblay and Zaret, 2005) . We first confirmed this by labeling cells at 1 ss at a lateral posterior region (#87 and #100, in Fig. 2A ; Supplementary  Fig. S4A-F 
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, S4G-J 00 ). The labeled cells contributed not only to the ventral pancreas, but also to the liver and the gut. We then extended to study the fate maps of ventral pancreas at later stages. Embryo #61 (3ss) was labeled near the mid-region of the AIP lip ( Embryos labeled at 2 ss or 4 ss gave similar results as those labeled at 3 ss. The results of embryos marked at 1-4 ss are summarized in Fig. 2A and B. The medial region of the AIP at 4 ss contributed mainly to the ventral pancreas, but still extended beyond to the gut tube ( Supplementary Fig. S4K -M 00 0 ).
Taken together, cells reside at the mid-region of the AIP lip contributed to the ventral pancreas, although their fates for the ventral pancreas were not completely segregated from the gut fate, and the left and right flanking regions of the AIP lip contributed to the anterior gut tube ( Fig. 2A) .
Fate maps at 5-6 ss
Embryo #48 was labeled near the mid-region of the AIP lip ( Fig. 4A and A 0 ). After 2-day culture, CM-DiI-labeled cells migrated to the ventral pancreas ( Fig. 4B and C) , and merged with Pdx1/GFP fluorescence in the ventral pancreas (Fig. 4D) . Sections of the embryo at the level of E (Fig. 4D  00 ) confirmed that CM-DiI fluorescence overlapped with Pdx1/GFP-expression in the ventral pancreas ( Fig. 4E -E 00 , arrows), demonstrating that position #48 contributed to the ventral pancreas. Embryo #35 was marked at a location to the right of the AIP lip ( Fig. 4F and F  0 ) . The labeled cells migrated and contributed to both the ventral pancreas and the gut tube (Fig. 4G , H, I-I 00 ).
Embryo #86 was marked at a position to the left of the anterior endoderm (Fig. 4J and J 0 ). The descendants of the labeled cells contributed solely to the gut (Fig. 4K and L) . Mor (Fig. 4N-N 00 , arrows).
Embryo #85 was marked at a position to the right of the anterior endoderm ( Fig. 4O and O 0 ), and these labeled cells also contributed solely to the gut ( Fig. 4P and Q) . Section analysis of the embryo at the level of S (Fig. 4R  00 ) , confirmed that the CM-DiI fluorescence resided in the ventral gut tube immediately posterior to the pancreas (Fig. 4R -R 00 ; S-S 00 , arrows).
These results are summarized in Fig. 2C and D. Labeled cells from 5-6 ss embryos labeled at the AIP lip (pink circles) (29, 30, 34, 36, 48 and 99) contributed to the ventral pancreas, while those from embryos labeled in the regions flanking the lip (purple triangles 23, 32 and 35) contributed to both the ventral pancreas and the gut. Cells from embryos labeled at left flanking regions of the AIP (blue squares; 26, 27, 31, 38 and 86) contributed solely to the anterior ventral gut, whereas cells labeled at right flanking regions (light blue squares; 28, 37, 49, 85) contributed to the posterior ventral gut (Fig. 2C and D) . Overall, these results indicate that the Pdx1/GFP-positive region shown in Fig. 1A contributes to the progenitors for the ventral pancreas (n = 6) ( Fig. 2C) , while the left or right Pdx1/GFP-negative flanking regions contribute to the anterior or posterior ventral gut (n = 6), respectively (Fig. 2C ).
Fate maps at 7-9 ss
Fate-mapping experiments were similarly done with 7-9 ss embryos. Embryo #42 was labeled at the medial position of the AIP lip ( Fig. 5A and A 0 ) and the CM-DiI signal overlapped with Pdx1/GFP signals in the ventral pancreas, demonstrating that cells from this position contributed to the ventral pancreas (Fig. 5B , C, D-D 00 ). Section analysis at the level of E (Fig. 5D 00 ) also showed that CM-DiI-labeled cells contributed to the ventral pancreas ( Fig. 5E -E 00 , arrows).
Embryo #46 was labeled at the left lateral to the AIP ( Fig. 5F  and F 0 ). The labeled cells contributed solely to the ventral gut tube lying immediately anterior to the pancreas (Fig. 5G , H, I-I 00 ). Section at the level of J (Fig. 5I  00 ) confirmed that CM-DiIlabeled cells resided in the ventral gut tube (Fig. 5J 00 , arrows).
Embryo #81 was labeled at the right lateral to the AIP ( Fig. 5K and K 0 ). The labeled cells contributed solely to the ventral gut tube lying posterior to the pancreas (Fig. 5L , M, N-N 00 ). Section at the level of O (Fig. 5N  00 ) confirmed that CMDiI-labeled cells resided in the ventral gut tube (Fig. 5O  00 ) .
The results are summarized in Fig. 2E and F. In accordance with the results from embryos labeled at 5-6 ss, all descendants of CM-DiI-labeled cells in the medial-region of the exposed AIP lip in 7-9 ss embryos were found solely in the ventral pancreas (Fig. 2E) . These results indicate that the Pdx1/GFP-positive region contributed to the ventral pancreas progenitors (n = 10), while the Pdx1/GFP-negative flanking region contributed to the ventral gut (n = 8) (Fig. 2F) .
We also extended the fate mapping to 10-13 ss embryos and found that Pdx1/GFP signals at the lip position (Fig. 1C) at these stages contributed to the ventral pancreas (Supplementary Fig. S5 ).
2.4.
Left and right flanking regions of the AIP contributed to the anterior and posterior parts of the gut tube, respectively
The above experiments suggested that at 5-6 ss, and 7-9 ss the region to the immediate left of AIP contributed to the ventral gut tube lying anterior to the pancreas, whereas the region to the immediate right contributed to the ventral gut tube lying posterior to the pancreas. To confirm this, we simultaneously labeled these right and left cells in a wild-type embryo using CM-DiI (red) and DiO (green), respectively (n = 4) (Fig. 6A) . In embryo #61 (7 ss), CM-DiI-labeled cells (to the right of the AIP) contributed to the gut at the posterior of the pancreas and DiO-labeled cells (to the left of the AIP) contributed to the gut at the anterior of the pancreas (Fig. 6B, C, D-D  00 ). In this experiment, DiO accidentally marked the dorsal endoderm (Fig. 6A) , which contributed to the dorsal pancreatic bud (Fig. 6D 0 and D 00 ).
2.5. Dorsal pre-pancreatic cells were located in the medial region at the 3-6 somite level at 7-9 ss Fate-mapping experiments were extended to localize the origin of the dorsal pancreatic progenitors. Dorsal pancreatic progenitor cells have previoulsy been reported to reside in the medial region at the 3-6 somite level at 6 ss, and at the 4-7 somite level at 8 ss in the chick embryo . In mice, no dorsal Pdx1/GFP signal was observed at 5-6 ss, when the ventral Pdx1/GFP signal was observed at the AIP lip (unpublished results). Cells at the 1-2 somite level lay inside the AIP at this stage and were thus not accessible, 7-9 ss embryos were labeled with CM-DiI at the dorsal endoderm at 3-4 somites (#55; Fig. 7A ). These embryos were cultured for 48 h and the descendants of the labeled cells were traced. Observation of the cultured embryo revealed that the CM-DiI and Pdx1/ GFP signals merged in the dorsal pancreas (Fig. 7C-C  00 ). Section analysis of this embryo confirmed that CM-DiI marked the Pdx1/GFP-positive dorsal pancreatic epithelium (Fig. 7D , arrow). Embryos marked at the 4 somite level (#53; Fig. 7E ) or 5-6 somite level (#51), also showed the CM-DiI signal merging with the Pdx1/GFP signal in the dorsal pancreas (Fig. 7F , G, J and K). Section analysis confirmed labeling of the dorsal pancreas ( Fig. 7H and L, arrows) . CM-DiI signals in embryos marked posterior to the 7 somite level translocated solely to the gut, but not to the dorsal pancreas (Fig. 7M, #54 and #52, data not shown). These results indicate that the progenitor cells for the dorsal pancreas reside in the medial region at the 3-6 somite level (n = 7) (Fig. 7M) . However, labeled cells at this stage gave rise to the dorsal pancreas, but also to gut cells, indicating that the medial dorsal endoderm at the 3-6 somite level contributed to both the dorsal pancreas and to gut progenitors, and that their fate was not segregated at this stage.
Discussion
The results of this study demonstrate that the ventral pancreas progenitor cells is first observed at 1 ss at the lateral endoderm posterior to the AIP. Later at 3-4 ss, the ventral pancreas progenitors appear at the outer part of the AIP lip ( Fig. 2A #61 at 3 ss, #67 at 4 ss, #71 at 4 ss). It was not until after 5 ss that the ventral pancreas fate becomes segregated from that of the gut. Prior to 5 ss, the cells to the right and left sides of the ventral pancreatic progenitor region give rise only to the anterior ventral gut tube. After 5 ss, these right and left flanking cells began to contribute asymmetrically to the gut tube on the anterior and posterior sides of the pancreas, respectively. We also found that the dorsal pancreatic progenitors originated at the 3-6 somite level in 7-9 ss embryos. Liver progenitors were reported to lie at both the mid-and lateral regions caudal to the lip of the AIP (Tremblay and Zaret, 2005) . To confirm these previous results, we labeled liver progenitors. At 1 ss, cell labeled at the lateral endoderm posterior to the AIP gave rise to the liver, ventral pancreas and the gut. The liver fate then segregated from that of the ventral pancreas and gave rise to the liver and the gut at 3 ss ( Fig. 2A, Supplementary Figs. S2 and S4 ). At the medial AIP, the liver progenitors resided in a inner region posterior to the pancreas progenitors at 5-6 ss and 7-9 ss (Fig. 2C , D, E and F; yellow, Supplementary Fig. S2 ). In agreement with this, we used embryos bearing Pdx1/GFP transgene and found that the Pdx1/GFP-positive region and AFP-expressing regions at the medial AIP are segregated at 7 ss ( Supplementary  Fig. S3 ). A bipotential precursor population for pancreas and liver was reported (Deutsch et al., 2001) . Although the prepancreas and liver region are segregated from each other, their fates might be reversible at this point, so that when cells in the ventral pancreas region are isolated and exposed to FGF signaling, their fate might be respecified to a liver fate.
There are chronological differences between species in the emergence of the dorsal versus the ventral pancreas: in the chick, the emergence of the dorsal precedes that of the ventral, whereas in the mice, the emergence of the ventral precedes that of the dorsal pancreas progenitors.We reported previously that the ventral pancreatic progenitors first appeared lateral to the 2 somite level in 10 ss chick embryos, and lateral to the 4 somite level at 17 ss (Matsuura et al., 2009) , which is later than the dorsal pancreas progenitors . The ventral pancreatic progenitors in mice have been proposed to reside in the lateral region in the earlier stages at 1 ss (Zaret and Grompe, 2008; Zaret, 2008) . Pdx1/LacZ-positive cells were previously observed in the lateral domains of the AIP at the 7 ss, using a Pdx1/LacZ knock-in mouse line (Gannon and Wright, 1999) . In the present study, we additionally mapped the ventral pancreatic progenitor cells to the regions rostral to the liver progenitors at the AIP lip at 5-6 ss and 7-9 ss (Fig. 1A-C,  Fig. 2C-F) . Taken together, the ventral pancreas progenitors might arise first at the ventral lateral endoderm posterior to the AIP, then migrate to the midline of the AIP lip.
Previous fate-mapping experiments of the ventral midline of the endoderm lip at 1 and 6 ss demonstrated that these cells give rise to various tissues in the foregut along the rostral-caudal axis, from the branchial arches at the anterior end and to the liver at the caudal end (Tremblay and Zaret, 2005) . Anterior-posterior migration of the central region of the anterior endoderm was also observed at the early-headfold stage and at 1-9 ss (E8.5) (Franklin et al., 2008) .
A novel finding of this study was that the cells lying to either side of the ventral pancreatic progenitors contributed to the gut tube on the anterior and posterior sides of the pancreas from 5-6 ss. It was reported that a medial-lateral asymmetry was translated into the anterior-posterior position of the myocardium (Abu-Issa and Kirby, 2008) . During heart development, an asymmetric expression of Pitx2 was observed in the left cardiac crescent at 2-4 ss in the mice (Campione et al., 2001) . We previously reported that Pitx2 is expressed asymmetrically in the left side of the AIP in the definitive endoderm at 7-8 ss (Yoshida et al., 2009) . The asymmetry of the definitive endoderm might possibly start earlier from 5 ss. Rotation of the embryo to the right, might also have some effects on the allocation of the cells from the left or right sides of the AIP to the anterior or posterior gut positions, respectively. The pancreatic progenitors and the cells from the flanking regions of the exposed part of the AIP lip migrate slowly (this study), in contrast to the rapid migration reported with the cells at the inner side of the lip (Tremblay and Zaret, 2005; Franklin et al., 2008) .
The dorsal pancreatic progenitors in mouse embryos reside at the 3-6 somite level at 7-9 ss. This is in agreement with the previously described position of dorsal pancreatic progenitors in the chick embryo ). However, the descendants of these cells are not restricted to the dorsal pancreas, indicating that although the dorsal pancreatic fate is restricted to the 3-6-somite level, it is not yet specified at 9 ss.
The current results will contribute to studies aimed at identifying the genes specifically expressed in the ventral pancreas and the inducing signals emitted from the surrounding tissues. Analysis of embryonic stem cell-derived Pdx1/GFP cells has resulted in the identification of several genes expressed in the region of the AIP lip (Ogaki et al., 2011; Yoshida et al., 2009) .
The dorsal pancreas in the chick receives inducing signals from the underlying mesoderm. Knowledge of the location of the pancreatic precursor cells permits detailed analyses of the intrinsic changes in endoderm cells, and of the interactions among adjacent tissues. Insights into the signals inducing the pancreatic endoderm and the molecular mechanisms underlying early pancreatic differentiation might provide important contributions to the future development of regenerative medicine for the cure of diabetes mellitus (Katsumoto et al., 2010; Kume, 2005a,b; Shiraki et al., 2010) .
4.
Materials and methods
Mice
Wild-type ICR mice were purchased from SLC (Kanagawa, Japan) and were maintained under a 12 h day/night cycle. The date of conception was established by the presence of a vaginal plug and recorded as E0.5. The Pdx1/GFP transgenic mouse line (Gu et al., 2004 ) was a gift from Drs. D.A. Melton (Harvard University) and G. Gu (Vanderbilt University). Pdx1/ GFP heterozygous embryos were used for most fate-tracing experiments. Pdx1/GFP homozygous embryos were used for GFP fluorescence detection in Fig. 1A -C. Pdx1/GFP homozygous or heterozygous embryos were obtained by mating Pdx1/GFP homozygous male mice with Pdx1/GFP homozygous female mice or wild-type ICR female mice, respectively. Embryos were harvested at E8.5 (1-10 somites). The mice were housed in an environmentally-controlled room at the Center for Animal Resources and Development (CARD) in Kumamoto University, under the guidelines of Kumamoto University.
4.2.
Whole embryo ex utero culture E8.5 Pdx1/GFP heterzgygous embryos were dissected free of decidual tissue and Reichart's membrane in warm dissection medium consisting of Dulbecco's Modified Eagle Medium (DMEM) without phenol red (Sigma D5030, Sigma, St Louis, MO), 25 mM glucose (Sigma), 1 mM sodium pyruvate, 25 mM HEPES, 9 mM NaOH, 10% fetal bovine serum (FBS) (Hyclone, Logan, UT, USA). After dissection, embryos were maintained in fresh dissection medium and were marked using benzoyl]amino]-methyl]-2-[3-(1,3-dihydro-3,3-dimethyl-1-octadecyl -2H-indol-2-ylidene) -1-propenyl]-3,3-dimethyl-1-octadecyl-, chloride) (Invitrogen, Carlsbad, CA) or 3,3 0 -dioctadecyloxacarbocyanine perchlorate (DiO) (Invitrogen). CM-DiI and DiO were used at 0.5 mg/ml in 100% ethanol. CM-DiI was placed onto the embryos using a mouth pipette (Narishige, Tokyo, Japan). Each CM-DiI-marked embryo was then placed in a serum bottle with 2 ml of culture medium, consisteing of DMEM with phenol red (Invitrogen 12800-017), 35.7 mM NaHCO 3 , 5 mM HCl, and 75% Kud Wistar rat serum (Kyudo Co., Ltd., Saga, Japan). Embryos were cultured in an embryo-culture roller system gassed with 20% O 2 , 5% CO 2 and 75% N 2 (Minani Kyusyu Air Water, Uto, Japan). Embryos labeled with CM-DiI were photographed immediately after labeling and then cultured with continuous rotation. Embryos developed normally to approximately E9.0-10.0 after culture for 48 h, and were then photographed to detect DiI fluorescence and to characterize their descendants. Images of the embryos were taken using an MZ FLIII fluorescence stereomicroscope (Leica, Bensheim, Germany) and NIS-Elements (Nikon, Tokyo, Japan). GFP fluorescence was observed using a 480/20 nm excitation filter, and a 510/20 nm emission filter. CM-DiI fluorescence was observed using a 546/10 nm excitation filter, and emission filter LP590. Cryosections were prepared and CM-DiI signals were observed under a fluorescence microscope. Control embryos were cultured by placing 100% ethanol with no CM-DiI labeling. The success of the cultures depended largely on the quality of the rat sera used. Both control and CM-DiI-labeled embryos appeared grossly normal after 48 h in culture in about 58% of embryos.
4.4.
Whole mount in situ hybrydization and immunostaining
Embryos were fixed overnight with 4% paraformaldehyde at 4°C, washed by PBS three times and stored in cold methanol. Immunostaining after whole mount in situ hybridization was done as described (Matsumoto et al., 2008) . Total RNA was isolated from E 9.5 mouse embryos using TRIzol Reagent (Invitrogen). First strand cDNA was reverse transcribed from this total RNA using the SuperScript TM Preamplification System (Invitrogen). AFP cDNA was amplified by forward primer: 5 0 -ACTCACCCCAACCTTCCTGTC-3 0 and reverse primer: 5 0 -CAGCAGTGGCTGATACCAGAG-3 0 and subcloned into pGEMTeasy (Promega). AFP antisense probe was synthesized using T7 RNA polymerase (Roche). AFP was detected using Fast Red (Roche). After in situ hybridization, the samples were washed, and incubated overnight at 4°C with chiken anti-GFP (Millipore, dilution 1:500). Primary antibody was detected using an Alexa 488-conjugated donkey anti-chiken IgG (Jackson ImmunoResearch Laboratory Inc, dilution 1:500). Embryos were viewed using a FV-1000 confocal microscope (Olympus).
